and for an ideal gas
We can also write (1) in the form
We integrate (1) over a three dimensional cell and consider Q_j,k as an approximation to the average of Q over the cell. Hence, 
Hence it is sufficient to describe these terms in the _ direction. Since we only take differences at neighboring points the artificial viscosity is always in conservation form.
The first difference is defined as
and the second _ difference is defined as
We then form the second and fourth differences.
In particular the fourth difference is formed as a second difference of a second differe:lce with positive weights [3, 8] . Hence,
Let,
t_i,j,_ is used to detect the location of shocks. W_Jen vi,i,k is large then the fourth difference is reduced. Let,
We also multiply a by a function of the Mach n umber to reduce a near the surface. 
where p is the the spectral radius of the matrix. For problems with a highly stretched mesh it was found [2, 3, 8] that for increased accuracy one should choose
) are constants that determine the hvel of the second and fourth differences.
These constants are given as input to the code. Then In Figure   1 , we plot the result for the standard scheme, but without enthalpy damping.
In Figure   2 , we show the same case but using the matrix viscosity.
The convergence rate is slowed down since the fourth order viscosity is not as strong but the shock on the lower surface is
sharper. There is an overshoot on the shock on the upper surface. This is due to fact that the cutoff (10b) is not sufficiently sharp. One way to improve this is to replace (7) by 
We next express (A1) in quasilinear form
8 be the three contravariant velocities.
V _= _2_-(u2
aav -(7 -1)a2u
alw-(7-1)a3u
alh- It is difficult to give explicit formula for the xi, y_-in all cases since some of the a i may be zero as long as a_ + al + as2 ¢ 0. However, the final formula does not depend on explicitly knowing the a i. Given T2 we find that A (A5) is given by 
